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INTRODUCTION
The content of this thesis is divided into five chapters,
all relevant to the the seven existing objects I have created.
The first chapter is a descriptive statement on concerns, involve
ments, and intents, which are relevant to the objects collectively.
Chapters two, three, and four describe the individual properties
and characteristics of the materials utilized in the cor.stuction
of these objects, and are relevant to their production. Chapter
five individually documents the objocts through trie use of photo
graphs (which are multiple views due to the sculptural nature of
the work), and structural drawings. The written unit which precedes
each applicable figure and set of photographs clarifies specific
techniques (based on order of application), which were incorporated
into the production of each object and may not be apparent from
observation. However, this is not intended to be a "how to" manual.
The objects are classified numerically according to the
chronological order of conceptual initiation. However, this order
does not necessarily represent order of completion, isolated
involvement, nor does it indicate fluxuation and alterations.
CHAPTER I
STATEMENT ON OBJECTS
The contemporary constructed objects presented in this thesis
represent in a limited range some of the expressive possibilities of
incorporating metal and plastic. Visually and 'structurally the whole
of each object is equal to the sum of its parts which forms an ex
pressive totality. The origins of these objects are deeply rooted in
subjectivism and empiricism. "Style is always a matter of inner
feeling on the part of the artist."^- Each object is deliberately
untitled and is to be experienced in its own right.
Special emphasis has been placed on materials and construction-
Plastics were utilized as a color form supplement in relationship to
metal components. There is a direct correlation and integration
between materials. This was brought about by emphasizing similar
structural characteristics of both materials and their aesthetic
attributes. Light plays a major role in the relationship of both
materials. Metal surfaces are mirror finished and reflect portions
of object imagery, whether plastic or metal. Interest is also
intensified through the reflective qualities and light transmission
(edge lighting) of the plastic.
"A simple shape is an abstract idea existing apart from
^-Philip Morton, Contemporary Jewelry A Studio Handbook
(New York: Holt, Rinehart and Winston, Inc., 1970), p. 52,
its manifestation in materials. Abstraction may thus be interpreted
as a spiritualizing kind of expression.
"^ A major emphasis has
been placed on geometric abstraction in the creation and construc
tion of these objects. Individually each object emphasizes and
combines to varying degrees the utilization of design elements
(line, shape, value, texture, color, space, and form) and functions
of design (rhythm, balance, repetition, variation, modulation,
and contrast) in relation to my personal selection and technical
capabilities. There is a direct correlation between concept and
material manifestation which comprise the expressive quality of
each object. To aid in the success of these artistic expressions,
good craftsmanship and technique were essentialo
"Creative effort becomes a problem situation as soon as
effort begins to realize a tangible result. "^ The production and
creation of these objects were heavily influenced by various
limitations. The selection of brass and. plastics (acrylic stock
and polyester resin) allowed me as a student artist to work in a
desired scale. The techniques and tools utilized depended upon
availability, cost, and feasibility in relation to quality,
chronology, experience, and resource information. Within these
limitations an intense effort had been applied to maximize the
essential qualities of design, technique and material, and
~Ibid., p. 7.
>
JJohn W. Haefele, Creativity and Innovation (New York:
Reinhold Publishing Co., 1962), p.28.
innovation often became an integral part of the object itself.
There is a unique correlation between hand and machine
made parts. In many instances the procedures overlap, however,
the hand made portions have a humanistic quality, while the
machined portions seem more impersonal* Collectively they repre
sent the character of the object The crisp, clean, and highly
finished elements of the object and the stressed qualities of the
materials themselves seem appropriate to the modern milieu. The
highly finished reflective surfaces (which tend to envelope the
environment), the overtones of fantasy in creation (personal
style), and the play on psychological phenomena (concerned with
design), evoke participation on the part of the spectator. This
participation occurs in two interrelated forms, being both mental
arji physical in nature. The object's varied structure and variety
of vantage points warrants the spectator to move himself or the
object in a search for increasing stimulation. The spectator's
personal concern and interpretation of the objects may be as
varied as any individual differences relating to concern, insight,
sensitivity, and emotion.
In the creation and construction of these objects, a great
deal of design consideration has been applied towards future
maintenance. All the objects come apart with relative ease for
hard to clean areas, minor repair work, and in some cases for ease
in transporting.
CHAPTER II
BRASSES
A variety of brass alloys were utilized in the construction
of the objects, and were obtained commercially in rod (square, round,
and hexagonal), sheet, tube, and wire forms. 'Phey were all Alpha
brasses (containing up to 36% zinc), and had excellent cold working
qualities. For general intended purposes, all the brasses used
were very similar in nature, however, it is noteworthy to mention
the different types and their specific properties.
Free-cutting Brass Rod has a chemical composition of 61.5%
..copper,
35.3% zinc, and 32% lead. "The accepted standard for high
speed screw machine work, Free-cutting Brass Rod is the outstanding
material whenever machinability is of primary importance. The
machinability ratings generally assigned to copper-base alloys
are, incidentally, based on a comparison with that of Free-cutting
Brass, which has a machinability rating of 100C Actual life of
cutting tools is greater than for most other commercial metal.
It provides precise dimensional control and optimum smoothness of
machine surfaces."4 (See table 1)
Cartridge Brass and Jeweler's Brass are very similar in nature
and are available commercially in sheet fornio Cartridge Brass has a
chemical composition of 70% copper, and 30% zinc, while Jeweler's
4 /
Catalog (Rochester, New York, Published by Ontario Metal
Supply, inc., 1971) Section on brass (unpaged).
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TABLE 1
FREE-CUTTING BRASS ROD
Fabrication Properties*
Machinability (Free-Cutting Brass 100) Suitability for Being Joined by:
Rating 1 00 Soft Soldering Excellent
Type of Chip S Brazing Good
Capacity for Being Cold Worked .... Poor Oxyacetylene Welding .... Not Recom.
dpacity for Being Hot Formed Fair Carbon Arc Welding Not Recom.
H-it Forg^ahility Rating Gas Shielded Arc Welding. Not Recorn.
(Foiv'-ig Brass 100) Coated Metal Arc Welding Not Recom.
Hot Working Temperature Resistance Welding:
1 300-1 450 F. or 700-800 C. Spot Not Recom.
Annexing Temperature Seam Not Recom.
800-1 100 F. or 425-600 C. Butt Fair
Mechanical Properties*
%" Half Hard (25%)
Tensile Strength, p.s.i 68.000
Yield StreiK](i..-p.s.i 52,000
Shear S'..-?nj;;h. ps.i 38,000
Elongation, % in 2 inches 18
Rockwell Hardness B80
Physical Properties*
- Melting Point. F Solidus 1630; Liquidus 1650
Density, lbs. per cu. in. at 63F. 0.307
Specific Gravity 8.50
Coefficient of Thermal Expansion 0.00001 1 4 per F. from 6S to 572F.
Thiormal Conductivity '.. 67 :.:u/sq.ft./ft./hr./F at 68 F,
Eiectrical Resistivity (Annealed) 39.9 Ohms (cir.mil./ft.) at 68 F.
Electrical Conductivity (Annealed) 26 % IACS at 68 F.
Thermal Capacity (Specific Heat) 0.09 btu./lb./F. at 68 F.
Modulus of Elasticity (Tension) 14,000.000 p.s.i.
Modulus of Rigidity 5,300,000 p.s.i.
Chemically Equivalent Specifications
S.A.E 72
A.S.T.M B16
AM S 461 OH
Federal QQ-B-626b, Comp. 22 and 1 1 Half Hard
Military MIL-C-895A
Haif Hard (20%) 2" Half Hard (15%!
53.000 55.000
45.000 44,000
34.000 32.000
25 32
B78 B75
SOURCE: Catalog (Pvoehester, New York, Published by Ontario
1 Siimlv. i nrTT ! 4 7 1 1 .Sp.A!"ini nrs hrj^t;.Metal Supply, incTT L'^71) ectio on brass,
Brass has a chemical composition of 85% copper and 15% zinc. There
is a slight advantage in the utilization of Jewelers Brass for the
craftsman where hand techniques are employed in that it lends
itself to greater ease in malleability.
"Cartridge Brass 70% has excellent tensile strength and is
rery ductile, being better than Yellow Brass in this respect. It
can be subjected to severe cold working in deep drawing, spinning,
rolling, stamping, flaring, and forming* Formerly known by such
names as Deep Drawing Brass, Grommet Brass, Spring Brass, and
Spinning Brass indicates its fabricating qualities. It is ideally
suited for the production of artillery and small arms cartridge
cases and for musical instruments, snap fasteners, eyelets, reflectors,
lighting fixtures, and automobile radiators. "^ (See table 2)
The chemical composition of commercial brass tubing is 66.5%
copper, 0.5% lead, and 33% zinc* "This tubing is the standard
Yellow Brass alloy for general purpose use. It machines quite
readily, and yet the standard Draw Temper (approximately half-hard)
tube as stocked can be bent, flanged, or cold worked by other
means. This is known as a "general purpose" tubing. For severe
cold working operations, a brass tube with no lead can be supplied
on order or a special temper produced to specifications."(See table 3)
Metals are intrinsically beautiful and very versatile.
They have their own color character and working qualities. The
form and shape potential of metals is endless in relation to
5 Ibid .
6 Ibid.
TABLE 2
CARTRIDGE BRASS SHEET AND STRIP
Fabrication Properties*
Machinability (Free-Cutting Brass 1 00) Suitability for Being Joined by:
Rating 30 Soft Soldering Excellent
Type of Chip I_ Brazing Excellent
Capacity for Being Cold Worked . Excellent Oxyacetylene Welding Good
Capacity for Being Hot Formed Fair Carbon Ara'Welding Fair
Hot Forgeability Rating Gas Shielded Arc Welding Fair
(Forging Biass 100). Couted Metal Arc Welding Not Recom.
Hot Working Temperature Resistance Welding:
1 350-1 550 F. or 725-850 C. Spot Good
Annealing Temperature Seam Not Recom.
800-1400 F. or 425-750" C. Butt Good
IVlechariica! Properties*
(ALL 0.040 GAUGE STRIP)
0.035 mm Annealed Spring (60%)
Tensile Strength, p.s.i 49.000 94,000
Yield Strength, p.s.i 1 7.000 65,000
Shear Strength, p.s.i .* 34,000 48,000
Elongation, % in 2 inches 57 3
Rockwell Hardness F68, 30T31 B91 . 30T77
Physical Properties*
Melting Point, F Solidus 1680; Liquidus 1750
Density, lbs. per cu. in. at 68F. 0.308
Specific Gravity 8.53
Coefficient of Thermal Expansion 0 00001 1 1 per F. from S8 to 572 F.
Thermal Conductivity 70 btu/sq. ft./ft./hr./F. at 68 F.
Electrical Resistivity (Annealed) 37 Ohms (circ. mil/ft.) at 68 F.
Electrical Conductivity (Annealed) 28% IACS at 68 F.
Thermal Capacity (Specific Heat) c 0.09 btu/lb./F. at 68 F.
Modulus of Elasticity (Tension) 1 6.000,000 p.s.i.
Modulus of Rigidity 6,000.000 p.s.i.
Cbemicaisy Equivalent Specifications
S. A. E 70A and B
A.S.T.M B36. Alloy 6
A.M.S 4505D, 4507C
Federal QQ-3-6';3b, Comp. 2 and 1 1
Military MIL-C-895A (Navy)
SOURCE: Catalog (Rochester, New York, Published by Ontario
Metal Supply, inc, 1971)
TABLE 3
BRASS TUBE
Fabrication Properties*
Machinnbility (Free-Cutting Brass 100) Suitability for Being Joined by:
Rating 60 Soft Soldering Excellent
Chip M Silv-r Soldering Good
Capacity for Being Cold Worked. Excellent Gas Welding Fair
Capacity for Being Hot Formed Poor Carbon Arc Welding.., Fair
Metal Arc Welding Poor
Resistance Welding Poor
Mechanical Properties*
Tensile Strength, p.s.i
Yield Strength, p.s.i
Elongation, % in 2 inches
Rockwell Hardness
Modulus of Elasticity x 10 g.
Drawn Hard
Soft Temper Drawn
52,000 70,000 75,000
20,000 60,000
50 25 7
F75 B78 BSO
15 15 15
Physical Properties*
Density, lbs. per cu. in 0.307
Melting Point, F 1720
Electrical Conductivity 26
Thermal Conductivity 67
Coefficient of Thermal Expansion x 1 0g 1 1 .2
Chemically Equivalent Specifications
S.A.E l. 74B
A S.T.M B135, Alloy 3
A.MS 4555
Fe-cl=.-al WW-T-791, Grade 2
Military MIL-T-S945, Comp. 3
SOURCE: Catalog (Rochester, New York, Published by Ontario
Metal Supply, inc, 1971)
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their expressive qualities, Metals are also capable of brilliantly
reflecting light when polished, or of receiving varied textures
through working. The characteristics of the metal, the tool, the
procedure, and the craftsman, should complament one another.
"Metal objects can endure beyond the range of man's short life
and become both an inheritance and a contribution to culture,"'
?0ppi Untracht, Metal Techniques For Craftsmen (New York:
Doubleday and Company, inc., 1968), p,xiii.
CHAPTER III
ACRYLICS
Acrylic commercial stock and polyester resin were utilized
either individually or in conjunction with each other in the con
struction of specific objects. Both have similar characteristics,
aesthetic attributes, and limitations.
Acrylic is a thermoplastic composed of hydrogen, oxygen,
and carbon, which is derived from polymerized monomers. Commercial
ly, acrylics (cast or extruded) are available in many shapes,
sizes, textures, and colors. The colors available may be opaque,
translucent, transparent, opalescent, fluorescent, and even
luminescent.
In general, acrylic is rigid, has a high tensile strength,
and is lightweight. It is two thirds to one half as light as alu
minum, has an impact strength ten to seventeen
times greater than
glass, and is difficult to break except for hard, direct, blows.
Acrylic is warm to the touch, highly resistant to weather and other
aging properties, and undergoes very little dimensional change.
x-.-hen subject to a wide variation in humidity and temperature.
It can be formed by beat (softens between 250 and 340 degrees F,)
and shaned, and the machining properties are similar to wood or
soft metal (brass).
Clarence Bunch, Acrylic For Sculpture and Design (New York:
Van Nostrand Reinhold Co., 1972), p. 11.
U
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When working on acrylic caution should be taken to protect
the surface from scratching. Taping is a good method and helps
prevent edge chipping when tooled. When doing h--?nd work, a soft
ground such as cloth helps prevent scratching. It is essential to
work in a clean area as acrylic scrap and chips may penetrate
masked surfaces and mar the desired surface.
When machining plastic it is advisable to use tungsten-
carbide tipped tools (longer life), although high speed tools also
work well. It is important to maintain sharp tools for desirable
results. Generally, when working with plastics, tools should be
set with a zero or slightly negative rake and should have a scrap
ing, rather than a cutting action, (See table 4)
"Plastics have a much lower deflection temperature than
metals. If the heat build up is too great, acrylic may melt and
gum the tool,"9 It is often advisable to use a coolant where heat
build up occurso
When machine sawing, plastics, the operator must feed the
material cautiously, slowly, and steadily in order to prevent
overheating. Slow entry and exit from the piece helps to prevent
chipping. Circular saws are preferred for making straight cuts.
Caution should be taken to hold work firmly and tightly to the
guide bar, "Circular blades used for sawing acrylic up to 3/8 inch
are hollow ground steel and should have between 12 and 15 teeth
9"Machining the Engineering Plastics", A Report from the
Cadco Corps of Engineers, (Detroit, Michigan, Cadillac Plastic
and Chemical Co,, n.1, Reprinted from Plastics Design and Pro
cessing, Liberty-vine, Illinois, Lake Pub. Cor., September, 1958,)
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per inch. For acrylic sections thicker than 3/8 inch, the blade
should have 10 teeth per inch or less."!0 "Skip-tooth or buttress
blades are used to cut plastic with band saws. Blade gauge is
between 18 and 22, and the width ranges from l&l/4-inch for straight
work to 1/2-inch for curved sections." When using a band saw, a
bar of soap may be used as a lubricant. This acts as a coolant
and is less messy than oil or water. Although jig saws can be
used on acrylic, the shortness of the stroke in the blade may
cause rapid overheating. If the work is small, one will find the
use of a coping or jeweler's saw adequate, if not preferred.
Drilling and routing are two methods of removing or
piercing the material. The work should be clamped down where
possible for safety and to prevent chipping. "Shaver and router
cutters must be sharp and have a bnck clearance angle of
approximately 10 to 30 degrees positive rake for best operational
results,"^- Standard drill presses and portable hand drills may
be used for drilling acrylic. Standard twist-drill bits can be
reground to zero rake. Also, one can use adjustable hole cutters
to pierce large circular areas.
Acrylic has good adhesive properties when cemented to
material like or similar in nature. Preferably, cohesive
Ibid., Section on Circular Sawing,
"^Ibid., Section on Band Sawing.
1?
"Idem., Acrylic For Sculpture and Design (New York: Van
Nostrand Eeinhold Co., 1972), p. 116,
cementing is used when acrylics are cemented to each other, causing
the joint to retain 75% of the tensile strength of a solid sheet,
making the bond strong and the joint indiscernible, "In cohesive
cementing the molecules of the surfaces being bonded are actually
caused to intermingle by the solvent action of the cement. Unlike
adhesive cements, no foreign substance lies between the united
surfaces, and as the solvent penetrates and evaporates, the two
softened areas actually flow together and fuse. It is like weld-
13
ing metal," Some of the common solvent cements ( polymer izable
monomers) are: ethylene dichloride, methylene dichloride, methyl
methacrylate monomer, chloroform, and acetone.
Two common methods of cementing are soak cementing and
capillary cementing. In soak cementing the surfaces to be cemented
are soaked in solvent just until they soften, then are allowed
to partially air dry and are firmly pressed together, creating
one of the strongest, most effective bonds. In capillary cementing
the solvent is applied by means of an applicator (eye dropper,
small brush, or syringe), and introduced between two butted sur
faces by capillary action. Although this is a neat form of
application, the bond is weaker than that of the soaking
14
procedure ,
Skill is required in cementing which is acquired through
experience* It is wise to experiment with different types of
13Ibid., p. 128.
14Ibid., p. 132.
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cements and application techniques suitable for specific jobs.
However, by following gen^r1! procedures, error can be minimized.
Surfaces to be cemented should be slightly abraded, dry, and
clean. Care should be taken to accurately align ;. irts,
the work should be clapped or taped until the solvent has evap
orated and the joint has har^ned. The pressure applied should
be great enough to remove air bubbles, but not so great as to
create dry spots by squeezing out too much cement When making
small laminations it is sometimes advisable to create excess
bulk. If one or two spots should occur the pattern can be moved
to a desired area. However, this is not recommended on larger
patterns due to excess waste*
Standard metal tools 3nd procedures are used for tapping
and threading acrylics, "A tap is a precision tool used in the
cutting of an internal thread such as a nut. Just as a. drill
removes material to make a hole, a tap cuts material away to
form a thread, A die is a precision tool used i... the cutting
of external or outside threads,"^ The National Coarse thread
system should be used xvhere possible to provide greater strength.
(See table 5) For better results when using acrylic, wax is
used as a lubricant.
Finishing acrylic is comparable to finishing wood or
soft metal. The major difference being he;it build up and the
15Ibid., p,123,
15
Handbook on T
(Chicago, Illinois* Sears, k:>:jbuck, and Co,, 1972) p. 3,
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possible melting of surfaces, suggesting that the operator exercise
caution. Acrylic can be filed, sanded smooth with very fine grit
(wet or dry sandppper is excellent), and buffed to a high polish
with commercial buffing compounds or even toothpaste.
Acrylic has aesthetic attributes and being a product of
our own time, it lends itself to contemporary modes of expression.
It's special virtues are transparency, surface reflection, and
*
good light transmission. A clear piece can be both transparent
and highly reflective simultaneously with the mo t. ion of the viewer
or light source, "Light is an integral part of the material
itself, not an elemen: imposed on it."*-' When plastics are used in
conjunction with metal, a mechanical mode of attachment Is required
and often challenging. It is a good opportunity to utilize
invention and insight.
Acrylics do have limitations. They will corrode or craze
from some chemicals (hydrocarbons, esters, lower alcohols, solvents,
and the like). They are highly susceptible to scratching, and have
a tendency to attract dust because of static electricity although
18
anti-static cleaners are commercially available.
'Idem.,Acrylic for Sculpture and Design (New York: Van
INostrand Eeinhold Co., 1972), p. 13.
l8Ibid., p. 15.
CHAPTER; IV
POLYESTER RESINS
Polyester resins are unsaturated thermosetting liquids.
They solidify with the use of a catalyst (Methyl Ethyl Ketone
Peroxide). Curing is composed basically of several stages from
liquid syrup to heavy syrup, light gel, hard gel, to hard or full
cure. The amount of catalyst used is determined by several factors;
room temperature, humidity, volume to be poured, application
techniques, temperature of mold, and the addition of other materials
19
such as polyester dyes and foreign matter. Commercial sales are
usually accompanied by proper instructions pertinent to specific
resin. Clear Cast polyester resin (a product of American Handi
crafts) has been utilized in the creation of soma of these objects.
The catalyst they sell is a 60% solution of Methyl Ethyl Ketone
Peroxide (concentrated bulk is extremely unstable and dangerous).
Table 6 will give one a basic idea of proportions utilized (not
to be used as a specific guide to all resins).
Formed resins have working properties (for all practical
purposes) and aesthetic attributes similar to those of acrylics.
However, one of liquid resin's greatest attributes is its
flexibility in application. Resin may be poured, dipped, sprayed,
dripped, or brushed on. A host of commercial polyester dyes are
l9Herbert Scarfe, Crafts in Polyester Resin (New York:
Watscn-Cuptill Publications, 1973)
19
TABLE 6
CATALYZING CHART
(Clear-Cast)
Slow Setting-Temperature 75
Thickness of pour 1/8" 1/4" 1/2"
Drops of catalyst 4 3 2
per ounce .
Medium Setting-Temperature 75
Thickness of pour 1/8" 1/4" 1/2"
Drops of catalyst 6 5 4
per ounce .
Fast Setting-Temperature 75
Thickness of pour 1/8" 1/4" 1/2"
Drops of catalyst 10 8 6
per ounce .
SOURCE, Clear Cast: The Teaching and Hobby Approach to
Plastic Resin (Fort !-.Torth, Texas, Published for American Handicrafts
by design R crafts, 1971)
21
available. By introducing these dyes and by producing your own
stock, one can achieve a more painterly color quality in composition.
When using resins, proper safety precautions and procedures
should be followed. Good ventilation and proper storage are of
jmajor concern, along with absence of fire hazards and skin contact.
For more detailed information and specific applications use the
relevant texts listed in the bibliography.
CHAPTER V
CONSTRUCTION OF OBJECTS
OBJECT 1
Object 1 is a free standing brass form with a removable
brass sphere. The object represents an integration of concave and
convex surface areas and forms. It also serves as an experiment
in reflection (light and imagery), and metal techniques. The
total character of the object during conceptualization was incon
ceivable as it's material manifestation had been based on personal
experience and intuitiveness.
The object is composed structurally of seven elements,
each derived from flat sheet brass (see figure 1) and basically
shaped by using raising techniques. The forms were then silver
soldered together into it's existing form (see photographs),
"There are two basic methods of shaping metals through the
use of hammers. One is by compressing methods such as raising,
crimping, and Dutch raising. The other method is by stretching the
metal to form it, and includes sandbag shaping, blocking in a mold,
and pressing."20 To create the small sphere and the flared cones,
both of the above procedures were incorporated. The larger forms
ware heavily dependent upon raising alone, "By slow stages the
metal is shaped into the desired form by hammering it on anvils to
effect this compression. The blows are directed mainly at the
convex surface of the form. The majority of raised shapes are
z>Idem. , Metal Techniques For Craftsmen (New York:
Doubleday and company, inc., 1968), p,240
seamless, or made of seamless units joined by soldering. Basically,
they consist of variations of cylinder, cone or free-form shapes,
21
all capable of holding a volume* They may be shallow or deep,"
During raising and stretching, the metal becomes hard and
brittle. This is causad by the compression of the molecules
brought about by the repeated hammer blows. If allowed to continue
unchecked, the metal would eventually crack and split. To prevent
this da.mage the metal must be periodically annealed. "Annealing
is the process of heating the metal for a certain length of time to
soften it by making a change in it's structure. Stresses built
up in the metal during the working are released,""
After the unit shapes were basically formed by raising or
stretching, they were planished, which is a hammering process
used to true the form for fitting, and can be used as an aid in
obtaining a smooth surface. The shapes were then fitted for
soldering through additional hammering, cutting, filing, and
sanding, after which they were wired together and silver soldered
one upon the other.
The two semi-finished forms were then cleaned, filed,
sanded, and buffed to a mirror finish.
2lIbid.
92 Ibid,, p, 246,
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OBJECT 2
Object 2 is a standing sculptural form with a fixed stand
or base. The techniques and materials utilized are more varied than
those of object (see figures 2 & 3), The design complexities
and concerns increased in correlation and often became problematic.
This object had been altered several times before achieving its
final form (see photographs).
The object is composed of three major sections: the ~
spharical form with its armature, a free hanging tail, and the
stand.
The two elements which compose the large spherical form
were raised from flat sheet and silver soldered together. The
armature which suspends the form was then shaped and form fitted.
The armature was derived from 1/4" square brass rod. First, it
was rolled through a rolling mill (compresses metal between hard
steel rollers), to achieve a rectangular stock. The ends were
then cold forged to achieve a t.apper providing contrast or interest.
Forging is a means of obtaining a variety of metal thicknesses
and shapes through the use of massive hammer blows. This is
achieved by compressing or stretching the metal. It may be done
in a hot or cold state depending on the nature of the material
to be forged. Where curved areas became tight, an integration
of hammering and jig bending was necessay. After the armature
had been shaped, filed, and finished, it was silver soldered to
23
the
spherical'form with the use of metal spacers (cut from round
brass rod), and holes were drilled for the attachments.
The tail section is composed of brass sheet, tubing, round
rod, and wire. The vertical center core is constructed out of one
inch diameter tubing which had been cut ro size with a jeweler's saw,
A jeweler's saw, if handled well by the craftsman, can provide great
accuracy and control in cutting. It was employed in ail basic cuts
made on these objects, with two exceptions* straight edge sheet
cutting was done on squaring shears, and large circular sheets for
raising were cut on Beverly shears. The concave ends of the center
portion of the tail were formed by dapping flat sheet brass into a
dapping block (a cube shaped metal tool with varisized semicircular
depressions and ball ended punches). These end forms were then
alternately silver soldered on to the center tube, and pierced by
drilling. The bottom hole is larger, to admit passage of the end
portion of the hanging rod, which catches and holds the form at the
upper end, where a smaller hole (equal in diameter to the rod), had
been drilled. The bottom end of the rod has a piece of larger diamete;
rod soldered to it which forms an internal modified ball and socket.,
catch. This hanging rod is forged and drilled at the upper end to
receive a wire jump ring which attaches the tail to the armature,
The exterior shield forms were created by cutting IV diameter
tubing in half. The shields and center form were then drilled to
receive two horizontal transversal bolts. These bolts were fashioned
from 1/8" round brass rod and the ends were threaded with a 6x32
Machine Screw Hexagon Solid Die. Sleeves ware th;n cut from
brass tubing, ends were filed to meet concave and convex surfaces
and they were utilized as spacers betwaen center form and exterior
shields. The elements were then hand assembled and held in place
by tightly capping both ends of the transversal bolts. The caps
are
1/4"
round brass rod ends, drilled with a
7/16" drill and
threaded internally with a 6x32 Machine Screw Tap, Sizing of the
caps was accomplished by facing cuts on a miniatsre lathe. Machining
techniques were utilized on small elements in which accuracy was
a critical factor.
The stand is made of four separate pieces. It has a 1/4"
thick smoke gray acrylic foot which has been center drilled to
receive. the standing rod. The brass washer, cut from thick sheet,
serves as a decorative device only. The upper end of the 1/4" rod
was turned on a lathe to receive a 6x32 Machine Screw Thread and
to form a holding shelf. The last element of the stand is a cap
(identical to those on the tail piece) which locks the form to the
stand.
All parts were independently (where possible) filed,
sanded, and buffed to a mirror finish, then assembled,.
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RAISED FORMS
.(FROM FLAT SHEET)
- .JUMP RING
DETAIL OF TAIL
SECTION ON
FOLLOWING PAGE
PLASTIC FOOT
14 GAUGE BRASS
WASHER PLATE
Fig, 2: Structural Components OBJECT 2
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HANGING ROD
SPLIT TUBING SHIELD
ANCHOR ROD
MACHINED,
THREADED,
AND CAPPED
HOLE FOR HANGING ROD
DAPPED FORM WITH PIERCED CENTER
CUT TUBING SLEEVE
WORKS AS SPACER
Fig. 3: Detail of Fig. 2
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OBJECT 3
Object 3 is comprised of five separate units which may be
placed into various arrangements. Four of the units are plain,
cylindrical, brass forms. The fifth cylindrical form is a com
bination of plastic and brass. All cylinders are #two inches in
diameter, and stand four inches high (see photographs).
The brass cylinders were fabricated from tube and sheet
stock. Portions were cut and silver soldered together. When
volume forms reached a state just prior to complete closure during
the soldering process, two
1/16" holes were drilled into the form
to allow passage of expanding gasses during high temperature
soldering; as hard, medium, and easy. silver solder have flow
points of 1435F., 1335~1390F. , and 1260-1325F. , respectively.
These holes also allow the craftsman to remove or clean the flux
used during soldering, from the internal surfaces by chemical action.
On objects such as, these, the holes are filled (after all silver
soldering has been done), with 1/16" brass rod, and lead soldered,
closing the entire form. This is possible because lead solder
flows at 361F. , and will not damage the brass. There are two
advantages in this procedure; it eliminates visual disruption
caused by the existance of a hole, and it makes future cleaning
easier, as liquids will not get trapped inside the forme
Major efforts were placed on the plastic cylinder with
the metal core. Through the use of polyester resin and polyester
34
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dyes (transparent yellow and amber), concentric sleeves of varying
color were built up around the brass core which is
3/4" in diameter
and made from tubing The resin sleeves were achieved by consecu
tively pouring one resin sleeve at a time between the center core
and a piece of rolled acetate which had been cemented at the internal
seam with cohesive cement, and driven into plasticene to form a
mold (see figure 4), Extra catalyst had to be addgd since the
casting took place in a cold, damp, basement.
After each curing the material was removed from the mold,
centered on a lathe, and turned to create a smooth exterior
which would form the internal wall of the next casting. This
procedure was followed until there was enough excess material to
allow for a final machining, light sanding, and buffing, without
losing the synonomous dimensions of ail cylinders. The excess ends
of the polyester resin which had been used for mounting the piece
in the lathe were then sawed off, sanded and buffed flush with
it's brass core. All cylinders were brought to a mirror finisho
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ROLLED ACETATE SHEET
WITH CEMENTED SEAM.
FORMS MOLD WALLS
MACHINED RESIN
FROM FIRST POUR
WOODEN DOWEL
PROVIDES SPACE
FOR ACCESS MATERIAL
AND POINT OF
REFERENCE FOR
LATHE MOUNTING
POURING OF RESIN
2nd LAYER
PLASTICENE BASE
FOR MOID
Fig. 4: Molding Technique OBJECT 3


OBJECT 4
Object 4 is a free standing form composed of metal and
plastic. It is approximately
14" in length and 3" in diameter*
The portional figure drawing included in this text is actual
size. (see figure 5, and photographs).
The structure can be divided into four major elements:
the two large capsule shaped ends which were raised from flat
sheet brass, the large transitional center form which was raised
from a piece of brass tubing, and collectively, the smaller decorative
and mechanistic elements made from acrylic and brass.
After the two large end portions were raised, they were
fitted with internal rirrs which were formed by forging 1/4" brass
square rod into rings and silver soldering the ends together. The
rings were then silver soldered flush with the outer edges of the
raised forms and eight equidistant 1/8" holes were centered and
drilled into the outer exposed surface of each rim. These rims
served as a foundational point of reference in the development and
construction of other components.
The transitional center form was then raised and fitted to
the finished end portions by flaring the ends and compressing the
center. The elongated end was then closed by silver soldering a
piece of sheet brass onto it. This surface was later center
drilled to receive a
1/4" internal boltt A large heavy gauged
brass ring was then silver soldered to the other end of this
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transitional center which forms a rim equal in size to the internal
rim and diameter of the respective end component. The center of
this ring and the narrowest portion of the form are large enough
to allow passage of the internal 1/4" bolt and it's washer. The
rim was then drilled in alignment with the holes on the interior
rim of it's corresponding end component.
After the large components were formed, attention was
focused on the decorative elements in conjunction with mechanistic
solidarity. Each decorative element is a part of, and grew out of,
jmechanical functions between the established elements.
The yellow and red bands at each end of the piece are
singular donut shaped pieces. They were formed by laminating cut
circular sheets of acrylic, and cemented with cohesive cement.
The centers were then removed with a hole cutter attachment and
drill. These holes were created to provide access to anchoring
pins (which are the end shafts of the external bolts), while aligning
and placing individual components. The outside acrylic surfaces
were turned on a lathe and the flat end surfaces were drilled to
receive the anchor pins. The black acrylic and heavy gauged brass
band which lie next to each other were created by cutting the
edges of solid circular sheets. These sheets were only drilled
to receive the internal bolt and the anchor pin or external bolts.
The function of these plates is important for they structurally
combine the mechanical effects of the interior and exterior bolts.
The externally extended bolts and their sleeves, the
suspended brass and red acrylic rings, and the end caps, ace as
decorative elements which are reflected on the surfaces of the
midsection. The rings were cut from flat sheet, machine drilled,
and finished by hand. The nut-like caps were made from 1/4"
hexagonal brass rod by cutting, partial end drilling, and threading,
and shaped by taper turning (cutting at an angle) on a lathe. ,
All components were sanded and buffed individually, prior to
assemblage.
To assemble the object there is a procedural order to
follow. First, the internal bolt, it's washers and it's respective
parts are tightened into place, with the peripheral drill holes in
the black acrylic and heavy gauged brass plates h^ld in alignment.
These holes should also be aligned visually with the holes at the
opposite end of the midsection. Second, the anchor pins are placed
into position from the internal and back sides of the Interior rim
on either raised end and drawn outward through the holes. From
this point (working on one end at a time), the remaining components
are slipped into position and capped firmly in place. The smooth
butted end of the interior end of the anchoring pins enables each
cap to be placed into alignment in relationship to the other caps
and the object itself.
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RING
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Fig, 5: Structural Components OBJECT 4


OBJECT 5
Object 5 is a free standing form composed of metal and
plastic. There is a proportionally larger integration of plastic
(structurally, mechanically, and aesthetically), as compared to that
of object 4. This object is 14" in length and 2 and 3/8" in diameter,
The portional figure drawings are actual size (see figures 6 and 7,
and phonographs).
The large brass capsule shaped form was raised from flat
sheet, A lid with a mechanical fitting was then made for the raised
form. The fitting on the lid is made from 1/2" round brass rod
which had been cut, end drilled, and silver soldered to the center
of a cut circular brass sheet. After soldering, it was redrilled
to pierce the bottom sheet and to insure hole alignment. It was
then threaded to receive mechanical coiuponents. The lid was then
placed, centered, and silver soldered onto the edge of the raised
form with the fitting portion protruding as the side walls of this
fitting are functional in the alignment of other componentSc
Attention was then focused on a mechanistic device to inte
grate the raised metal form with a plastic shell containing internal
components. This was accomplished by creating a series of inter
locking washers and threaded rods.
Two large circular washers (which interlock), were formed
from cut circular sheets of lime green acrylic which had been
cemented with cohesive cement. One washer (male), Is made from four
sheet layers of 1/8" acrylic, which receives the other washer
(female), which is made of three sheet layers.
The larger 1/2" thick washer (male) v.^g turned on a lathe
with the bottom or fourth sheet of acrylic being e^ual in diameter
to that of the raised brass form. The upper portion or other three
sheets were turned just smaller than the internal diameter of the
large, clear acrylic tubing. This form was then center drilled f
froim it*s end surface so it would slip tightly over the metal fitting
on the raised form
The second washer (female) is 3/8" wide and 3/8" thick,
and was turned on a lathe equal in diameter to the raised brass form.
The center was then cut away with a circular cutter attachment and
drill, which removed the bulk, and created an internal edge. The
washer was then returned to the lathe and the internal edge turned
equal to the interior diameter of the acrylic tubing.
The two washers were then brought together for alignment
purposes, and were drilled and threaded. The four holes were placed
into the center of the outside curved surface of the female wahser
and equidistant from each other. The internal threads were cut to
receive one inch long 6x32 Allen machine screws.
A brass washer was then cut /from sheet with a diameter just
smaller than the inside diameter of the acrylic tubing and a
1/4"
hole was drilled into it's center. This washer hides the seam
between the acrylic wachers, provides structural strength, and reflects
the image of the internal components when the object is assembled.
The internal decorative components were built upon a
1/4"
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round brass rod. The bottom of this rod is threaded and has a
small, heavy gauge washer, silver soldered to it. When scrawid into
the raised brass form, it holds the male acrylic washer and the
large brass washer in place.
The internal decorative components are a series of ei-uents
held together by interlocking pins. The upper and of the 1/-*"
brass rod was drilled to receive two transversal 1/8" pins, Two
fluorescent rectangles were then cut from sheet acrylic and drilled
to fit on the 1/8" pins. Accordingly, a piece of one inch diar.;eter
cubing was cut vertically in half to form two decorative reflectors
and drilled to fit on the 1/8" pins.
The two 1/8" pins were then drilled near the ends to receive
a
1/16" transversal pin which is parallel to the 1/4" center rod
and locks all internal decorative elements in place.
At this point four pieces of 1/4" transparent red acrylic
rod were cut and end drilled to sleeve the
1/16"
locking pin -end
to fill the given space between the hardware spring (which also
sleeves the
1/16"
pin) and the
1/8"
pins in position.? Then four
brass sleeves were cut from tubing and placed on the
1/8"
piu_..
Ihey maintain the dimensions between the larger elements, aid
in providing desired tension on the locking pin.
The plastic shell was then fabricated from acrylic tubing
and sheet. The clear tubing has an exterior diameter of 2 and
3/8"
(equal to the diameter of the bra^s raised form), and an inte-lor
diameter of two inches and a length of 5 and 1/2", The dome:; top
was fashioned out of laminated sheet acrylic which, was stacked in
the following order: 1/2" clear, 1/4" smoked gray, and 1/2" clear.
It was then roughly turned on a lathe and cemented to the tubeo
Then it was hand filed, sanded, a ad buffed. The lime green female
washer, equal in thickness to the tube, was then cemented to the
bottoms For visual effect three areas were route-! out and filled
with polyester resin. They are: the black band at the bottom of
the dome, the black stripes between the Allen screws, and a small
white dot on the top of the dome. All components were individually
surface finished, and cleaned, prior to assemblage.,
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ALLEN MACHINE
SCREWS
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Fig. 6: Structural Components OBJECT 5
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OBJECT 6
Object 6 is a primary structure consisting of a sphere and
a stand. It is a statement on craftsmanship and the reflective!'.,
quality of metal. (See figure; 8, and photographs).
The brass sphere was raised from flat sheet. It is 3 and 1/2"
in diameter and made from three components. First, two separate
hemispheres were raised in equal proportion, allowing for some
additional metal or surface overlap beyond the edge of the intended
hemisphere. This overlap was later cut off but during raising and
planishing, it enabled maintenance of synonomous curves. When
hammering on an edge, the surface has a tendency to flare, and the
effect of a planishing hammer should be spread evenly over a broad
area. When synonomous hemispheres grew apparent, the excess metal
was removed with a jewelers saw. The use of the saw prevented edge
distortion which may nave been created by other cutting means such
as hand shears. The edges of the hemispheres were than trued (in
relationship to each other), with a sparsity of gentle planishing
taps.
The next step was the construction of a solder support ring
which serves two functions. First, it prevents the hemispheres
from shifting during high temperature silver soldering; and second,
as the solder flows through the batted seam it is trapped by the ring
backing into staying where it belongs. This ring was formed by using
a thin strip of brass, which was bent, and soldered end to end,
and shaped round with a planishing hammer and stake. After being
shaped, it was beveled on each exterior end with a file to match
the curves on the internal edge surface of the hemispheres. The
pieces were then ready to be soldered.
During soldering, the pieces were held in place with
annealed (soft) ferrous binding wire. The rim was soldered to one
hemisphere at a time to prevent warping, and possible shifting of
the ring. After being soldered to the first hemisphere, the metal
was cleaned and prepared for the second silver soldering. This
included the removal of excess solder, which might have disrupted
the final fitting and soldering together of both hemispheres.
Holes (1/16") were then drilled In the top of each hemisphere to
allow expanding gasses to escape during the next soldering. The
hemispheres were then wired together and soldered. The 1/16"
holes were later filled with 1/16" brass rod and lead soldered at a
low temperature.
The total surface of the sphere was filed and then sanded
through 240 to 400 grit wet and dry silicon carbide paper. The
strokes used in hand finishing were broad, consecutive spirals,
covering the total surface, and then consecutively 'cross hatching
to maintain shape. The sphere was then buffed to a mirror finish.
The stand is made from clear acrylic tubing, cut and beveled
(on a lathe) at the upper end, to receive the sphere. The brass plate
is cut and fitted into the tubing which visually Integrates the stand
and the sphere. The stand is designed to emphasize and complement the
sphere. The elements of the stand were individually polished, and
merely slip into position, while the sphere freely sets on top.
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RAISED HEMISPHERES
(FROM FLAT SHEET)
SOLDERING
SUPPORT RING
INNER EDGE BEVELED
CLEAR ACRYLIC
TUBING
V BRASS INSERT
Fig, 8: Structural Components OBJECT 6

OBJECT 7
Object '.' is a free standing form constructed from brass rod,
acrylic sheet, and steel fixtures., It is definitely a more linear
approach to construction, measuring
28" in length, 2 and 3/8" in
width, and 1 and 1/4" in height, (see figure 9, and .photographs).
The three brass rods were first cut, then annealed to soften
for bending. The rods were formed through a special process to
minimize rod distortion during bending, and to insure alignment.
All three rods -..ere clamped together and lead soldered, after which
the exterior surfaces were cleaned by scraping and sanding the excess
lead solder off* The rods were soldered together to facilitate
synonomous curias.
The cur.es were created on a Di-Acro no, 2 bending jig (a
product of Houdaille, Lake City, Minnesota), which consists of
adjustable pins to trap the rod, and a lever with tooling surfaces
to move the metal. The piece was alternately realigned, moving
points equidistantly for each directional bend. Caution was taken
to move the lever an equal distance on each bend with the exception
of the first and last curves as they allow the remaining portions
of the piece to lie flat.
The side surfaces were then filed and sanded to remove the
slight distortion which had occured during bending. This was done
in preparation for drilling, as the piece came to rest on these
surfaces durinn drilling in relationship to the vertical drill press.
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The holes were then drilled and threaded while the rods were still.
soldered, to assure alignment of the holes and threads. The rods
were then heated, taken apart, and cleaned. All brass surfaces were
then sanded and buffed.
The laminated acrylic bands were fashioned out of strips of
sheet acrylic which were cut on a circular table saw. Cutting on this
saw provided a straight surface for the foot of the object. These
strips were then aligned, clamped, and cemented with cohesive cemento
A formed brass rod was then used to mark off drilling holes and con
tour The hol^s were drilled with a 3/16" drill to allow for minor
error in fitting all materials. It was unnecessary to thread these
holes as they work as a suspension and do not function as an anchor
age. The bulk excess acrylic was removed on a handsaw which enabled
entry into negative curved areas, Th- two separate bands were then
bolted together, placed in a vice, filed, sanded, and finally, buffed*
Assemblage followed with the insertion of the Allen machine
screws from the outside surface of the outside brass rods. The screws
were turned until 1/8" or half the distance of the center, was pro
truding on the outside edge. The steel washers, which act as spacers
and deccrorive elements, were then placed into position with the
acrylic form. The entry end of the Allen screws were then brought
into contact with th? threading of the center rod. At first they
were only slightly tightened until both halves were in place; then
they ui7"> firmly tightened so that the end portions of the screws met
in the internal center of the center rod, and the tension between the
butted ends locked the screws. The end surfaces were then cut, filed,
sanded, and buffer], while in position-to assure proper alignment. All
surfaces were given a final cleaning and buffing for a smooth finish.
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Fig. 9: Structural Components OBJECT 7


CONCLUSION
The materials utilized in the construction of these objects
were very compatible to artistic expression. Their similar properties
were conducive to unity and harmony while their differences provided
contrast and interest.
The characteristics of construction provide the artist with
considerable freedom and flexibility, and are conducive to qualities
of invention and originality. Fabricated parts which are readily
separable lend themselves to change. Design, material, or procedural
experimentation may readily occur with the introduction or alteration
of components and their arrangement. The Concept of multiple inserts
is an intriguing one as they would tend to personalize objects in
terms of individual preferences, lend variety, and might become
participatory in nature. Separate multiple units also lend themselves
to participation and personalization. Elements may be arranged
(stacked, staggered, or grouped), fondled, or toyed with.
While currently viewing some of my constructed objects, I
intuitively feel as if the future will lead me into supplements of
light, motion, and sound, I would personally anticipate a subtle
usage of these elements, but one should not discount the possibility
of more violent adaptations.
at
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